Introduction
Bronchial atresia is an interesting congenital abnormality because of its variable appearance and its semblance to certain acquired diseases. It is characterized by a branching mass formed by mucus that dilates the proximal bronchi to the atretic segment. The distal lung to atresia can develop normally but it shows a paucity of blood vessels and is hyperinflated due to unidirectional collateral air drift through intraalveolar pores of Kohn, bronchoalveolar channels of Lambert and interbronchiolar pores of Martin from the adjacent normal lung. These collateral communications act as a check-valve mechanism allowing the air to enter but not to leave the distal lung.
More than 150 cases of bronchial atresia have been reported since 1953, when it was first described by Ramsay & Byron. The exact mechanism that ends in bronchial atresia is still unknown, but there are two hypotheses about the pathogenesis which have in common that they should occur before birth because the bronchial pattern to the site of stenosis is entirely normal. Many of the most relevant case reports and published series of cases are reviewed in this chapter to update our knowledge of bronchial atresia. They have been obtained as the result of a bibliographical research at Pubmed; ninety five articles were found using the Medical Subject Headings (MeSH) thesaurus descriptors congenital and bronchial atresia.
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The pulmonary arterial development is closely associated with the developing lung bud. The primitive pulmonary artery is already present as a major branch and grows toward the lung bud. Subsequently, it gives off a branch to accompany each airway branch in the preacinar region. Pulmonary vascular abnormalities have been documented in bronchial atresia (Ko et al., 1998; Lacquet et al., 1971) .
Respiratory symptoms and epidemiology
Bronchial atresia has a male predominance, with an estimated prevalence of 1.2 cases per 100,000 males and 0.6 cases per 100,000 females -a male: female ratio of 2:1.
About two thirds of the reported patients were asymptomatic before diagnosis and occurred as an incidental radiological discovery. It is usually diagnosed in the second or third decade of life, and the diagnosis is infrequent during childhood. One third of patients may present with cough, shortness of breath and recurrent infections and less frequently with refractory wheezing, haemoptysis, chest pain, or pneumothorax (Agarwal et al., 2005; Kameyama et al., 2006; Morikawa et al., 2005 ( Table 1 . Frequency of symptoms from more to less frequent (Jederlinic et al., 1987) .
The bronchi involved in this congenital anomaly are the apico-posterior segment of left upper lobe, right upper lobe, right middle lobe and right lower lobe, in decreasing order of frequency (Acosta Gordillo et al., 2005; Psathakis et al., 2004) .
Imaging techniques for the diagnosis
Currently clinicians have lot of many imaging techniques at their disposal for the investigation of patients with this congenital anomaly.
Plain Chest Radiography
The radiographic findings mirror the pathologic changes.
On chest radiography the typical finding of a mucocele is that of a nodule or a shadow-like mass close to the hilum, with well-defined margins, presenting as a tubular, round, ovoid or branching structure (Sacristán Bou et al., 2010) (Fig 1) . A mucocele with an air-fluid level is considered by some authors as a variance of congenital bronchial atresia (Matsushima et al., 2003) .
The branching bronchocele mimics a glove-finger shadow, but is not pathognomonic of bronchial atresia.
It has been proposed that the impacted mucous can also liquefy producing the radiological sign of an air-fluid level-mimicking a cavitatory lesion. When the hyperinsuflated area gets infected and presents as a pneumonia, the walls of bronchoceles develop tiny breaks that enables the air to enter in its lumen (Psathakis et al., 2009; Rahalkar et al., 2005) .
Occasionally, the dilated bronchi may appear as purely air-filled, lucent bands of odd shapes (Nussbaumer-Ochsner & Kohler, 2011; Van Klaveren et al., 1992) .
The distal lung is always distended, forming the apex of a roughly triangular zone of hyperlucency of the lung parenchyma (due to oligoemia and hyperinflation). On radiography obtained at expiration, obstructive emphysema is obvious, however, the synchronous appearance of both the mucocele and lung hyperlucency is only seen in 69% of cases (Jederlinic et al., 1987) .
Sometimes bronchial atresia is associated with other congenital anomalies like pectum excavatum (Van Klaveren et al., 1992) .
Computed Tomography (CT) and High-Resolution Computed Tomography
Computed tomography is the procedure of choice for the diagnosis and study of congenital bronchial atresia.
The bronchocele presents as a round/ovoid/branching structure near the hilum, with or without a fluid level, without contrast enhancement and it exhibits a density between 10 to 25 Hounsfield Units due to mucoid material. Computed tomography allows characterization of the lack of communication between the mucocele and hilum (Fig. 2) .
High resolution techniques can display the characteristic features of the mucocele, being more sensitive than the plain chest radiography to show oligaemia, reduced caliber of the pulmonary vessels, hyperinflation of the lung parenchyma (Fig. 2) , small mucoceles invisible to conventional radiography, associated mass effect and even calcification (Kinsella et al., 1992 and Primetis et al., 2011) . 
Magnetic Resonance Imaging (MRI)
MRI shows a very high signal intensity within the bronchocele on T1W and T2W modes due to mucoid contents; however, it cannot depict regional air-trapping (Matsushima et al., 2003) and it does not have the same sensivity as computed tomography to evaluate the lung parenchyma (Naidich et al., 1988) . So this technique has a limited role in the diagnosis of congenital brochial atresia, although a small number of case reports have dealt specifically with differential diagnosis and have established its value.
Magnetic resonance imaging seem to be useful for the evaluation of either anomalous vessels or fluid collections that are usually associated with pulmonary abnormalities (Cohen et al., 1987) .
Bronchoscopy
Before the advent of computed tomography, the diagnosis of bronchial atresia was made by bronchography, which allowed confirmation of the atretic segmental bronchus showing non-filling of the involved bronchus.
Flexible-bronchoscopy identifies blind-ending bronchi. In clinical practice however, any absence of a segmental or sub-segmental bronchus that is found by chance during bronchoscopy in the absence of the characteristic radiographic features may be considered as a normal anatomic variance of the bronchial tree rather than a bronchial atresia.
In the majority of the cases therefore, congenital bronchial atresia remains a radiological diagnosis.
Some authors suggest that similar findings could be found in other disorders as well, such as lung cancer or bronchial adenoma (Jeung et al., 2002; Woodring, 1990) . The role of bronchoscopy is to exclude these disorders and demonstrate the patency of the central bronchi, especially in doubtful cases (Daoud et al., 2001; Ward &, Morcos, 1999) .
Lung function tests
Pulmonary function tests do not aid in diagnosis. They are normal in comparison with the magnitude of the radiological abnormality. The most interesting point is the normal physiological dead space that implies air trapping in the emphysematous area as a result of collateral ventilation that causes the inflation.
Differential diagnosis
The singular finding of a dilated bronchus due to mucoid impaction (bronchocele) can be seen in a variety of conditions apart from bronchia atresia. It is important to differentiate between congenital and acquired causes of obstruction (Table 2 ).
Congenital obstructive illnesses

Lung Aplasia
Pulmonary agenesis refers to undeveloped pulmonary vessels, bronchi, and parenchyma. It may be unilateral or bilateral. In unilateral aplasia, the remaining lung contains twice as much alveoli as normal, but has normal bronchi. Although aplasia does not have the same structures, it has a rudimentary bronchus.
Pulmonary aplasia (agenesis) is thought to result from the negative effects that occur in the 4th week of fetal life. Although its etiology is not fully understood, Vitamin A or folic acid deficiency or the use of salicylates may be responsible. The incidence in males and females and the occurrence of the anomaly in the right or left lung are about the same. Hypoplasia and aplasia are often observed together with other malformations (diaphragm defects, kidney anomalies, extrapulmonary sequestration, muscular or skeletal system defects). Nearly one-third of the patients have congenital heart diseases. Although the most common is the atrial septal defect, ventricular septal defect, patent ductus arteriosus, or aorta coarctation can also be observed. Clinical findings change with the presence of comorbid anomalies and their severity. Recurrent infections can increase respiratory dysfunction. Although patients with unilateral lung aplasia (agenesis) are believed to die usually in the neonatal period, there are patients who live up to adulthood, some of whom are completely asymptomatic. In the diagnosis of this condition, methods such as contrast-enhanced CT, bronchography, bronchoscopy, pulmonary angiography, and magnetic resonance imaging are also employed.
Congenital Lobar Emphysema
A congenital lobar emphysema (CLE) refers to an over inflation of one or more lung lobes presumably due to various factors including a possible obstructive check valve mechanism at the bronchial level. It is more common in males and often detected in neonates or identified during in utero ultrasound. Anomalies are rather infrequent. Patients will typically have respiratory distress within the first 6 months of life.
CLE almost always involves one lobe, with rates of occurrence as follows: 41% left upper lobe, 34% right middle lobe, 21% right upper lobe. Congenital lobar emphysema has two forms of presentation: hypoalveolar: fewer than the expected number of alveoli, and polyalveolar: greater than the expected number of alveoli.
There are many presumed mechanisms for progressive overdistension of a lobe including obstruction, cartilage deficiency, dysplasia, immaturity and idiopathic. It can be associated with cardiac anomalies such as: a ventricular septal defect, patent ductus arteriosus and tetralogy of Fallot. Congenital lobar emphysema appears in the immediate postpartum period.
Radiography of the chest in anteroposterior and lateral projections identifies the involved lobe, the degree of involvement, and the effect on surrounding structures. If a decubitus position radiograph is obtained, the involved lung does not collapse. Computed tomography scanning can provide details about the involved lobe and its vascularity, as well as information about the remaining lung. MRI can be used as an adjunctive modality to evaluate vascular supply and distribution to the involved lobe but is not routinely employed. In congenital lobar emphysema, the abnormal lobe usually has a normal vascular supply.
Congenital Cystic Adenomatoid Malformation (CAM)
The first cystic adenomatoid malformation (CAM) was described as a distinct entity by Ch'in and Tang in 1949. CAM is a developmental hamartomatous abnormality of the lung, with adenomatoid proliferation of cysts resembling bronchioles. CAM represents approximately 25% of all congenital lung lesions (Colin et al., 2006) .
CAM is subdivided into three major types:
 Type I lesions, the most common, are composed of 1 or more cysts measuring 2-10 cm in diameter. Larger cysts are often accompanied by smaller cysts, and their walls contain muscle, elastic, or fibrous tissue. Cysts are frequently lined by pseudostratified columnar epithelial cells, which occasionally produce mucin. Mucinogenic differentiation is unique to this subtype of CAM.  Type II lesions are characterized by small, relatively uniform cysts resembling bronchioles. These cysts are lined by cuboid-to-columnar epithelium and have a thin fibromuscular wall. The cysts generally measure 0.5-2 cm in diameter.  Type III lesions have the appearance of solid masses without obvious cyst formation although adenomatoid cysts can be detected microscopically.
CAM receives its blood supply from pulmonary circulation and is not sequestered from the tracheobronchial tree. However, type II and III lesions can occasionally coexist with extralobar sequestration, and in such cases, they may receive a systemic arterial supply. CAM may also occur in combination with a polyalveolar lobe. This is a form of congenital emphysema with an increased number of alveoli with normal bronchi and pulmonary vasculature. CAM usually occurs early in fetal life, whereas the polyalveolar lobe occurs later.
Prenatal ultrasonography is accurate in diagnosing CAM. Prenatally diagnosed lesions may be asymptomatic at birth (71%), and they have normal radiographic findings (57%). A concurrent sequestration may not be identified. Usually, radiographic findings are apparent in a symptomatic individual, but they may not be as apparent in an asymptomatic child.
Most often, the diagnosis can be made by using plain radiographs. CT scans may be used for confirmation and when planning surgery. Overlapping CT features exist among cases of CAM, pulmonary sequestration, bronchogenic cyst, and other foregut malformations.
Bronchogenic cysts
Bronchogenic cysts are part of a spectrum of congenital abnormalities of the lung including pulmonary sequestration, congenital cystic adenomatoid malformation and congenital lobar hyperinflation (emphysema). There exists a predilection in all of them for the left upper lobe that could be due to the embryologic instability of this area (Sadler, 1990 ).
Although relatively rare, cysts represent the most common lesion of the mediastinum. In infants and small children, these cysts can be life threatening when they compress vital structures. In particular, subcarinal cysts can pose life-threatening airway compromise. In infants, the initial presentation may be respiratory distress. More than one half of patients are asymptomatic.
These are usually found using antenatal ultrasonography or routine chest radiography and during evaluations for gastro-intestinal or cardiac symptomatology. Bronchogenic cysts are the result of anomalous development of the ventral foregut; they are usually single but may be multiple and can be filled with fluid or mucus. They have been found all along the tracheoesophageal course, in perihilar or intraparenchymal sites, with a predilection for the area around the carina. Those in the mediastinum frequently attach to, but do not communicate with, the tracheobronchial tree. Bronchogenic cysts have also been described in more remote locations, including the interatrial septum, neck, abdomen, and retroperitoneal space. Chest pain and dysphagia are the most common symptoms in adults with bronchogenic cysts; in infants, symptoms are most often produced as a result of airway or esophageal compression.
Bronchogenic cysts are usually an incidental finding, and differentiating them from other pathologic conditions is important. On conventional radiographs, the appearances of mediastinal or lung masses are nonspecific and should be evaluated further using computed tomography (CT) scanning or magnetic resonance imaging (MRI). Intrapulmonary cysts are difficult to diagnose and must usually be aspirated to confirm the diagnosis.
Anomalous pulmonary venous return
Abnormal development of the pulmonary veins may result in either partial or complete anomalous drainage back into the systemic venous circulation. Three major clinical patterns of total anomalous pulmonary venous return (TAPVR) are seen: severe pulmonary venous obstruction; early heart failure; mildly symptomatic or asymptomatic.
Pulmonary sequestration
Pulmonary sequestration is a cystic or solid mass composed of nonfunctioning primitive tissue that does not communicate with the tracheobronchial tree and has an anomalous systemic blood supply rather than the pulmonary circulation. In 15-20% of cases multiple feeding vessels may be present. The two forms of pulmonary sequestration are intrapulmonary, which is surrounded by normal lung tissue, and extrapulmonary, which has its own pleural investment. Demonstration of a dominant feeding vessel, usually from the aorta or its major vessels, and venous drainage to the pulmonary veins suggests the diagnosis. Other congenital malformations may be present.
Chest radiographs can provide a reasonable diagnostic clue to pulmonary sequestration. A mass in the posterobasal segment of the lung in young patients with recurrent, localized pulmonary infections is suggestive of pulmonary sequestration. Computed tomography scanning, angiography, magnetic resonance imaging or bronchography may be helpful in excluding other diagnoses. CT scans have 90% accuracy in the diagnosis of pulmonary sequestration. Arteriography is helpful in differentiating the lesion from other abnormalities of the lung, such as pulmonary arteriovenous fistulae. Magnetic resonance angiography can provide information similar to that on CT scans.
Cystic Fibrosis (CF)
The name cystic fibrosis refers to the characteristic scarring (fibrosis) and cyst formation within the pancreas, first recognized in the 1930s. Difficulty breathing is the most serious symptom and results from frequent lung infections that are treated with, though not cured by, antibiotics and other medications. A multitude of other symptoms, including sinus infections, poor growth, diarrhea, and infertility result from the effects of CF in other parts of the body.
CF is caused by a mutation in the gene for the protein: the cystic fibrosis transmembrane conductance regulator (CFTR). This gene is required to regulate the components of sweat, digestive juices, and mucus. Although most people without CF have two working copies of the CFTR gene, only one is needed to prevent cystic fibrosis. CF develops when neither gene works normally and therefore has autosomal recessive inheritance.
Individuals with cystic fibrosis can be diagnosed before birth by genetic testing, or by a sweat test in early childhood. Ultimately, lung transplantation is often necessary as CF worsens. CF mainly affects the lungs, pancreas, liver, intestines, sinuses, and sex organs.
Acquired obstructive illnesses
Allergic bronchopulmonary aspergillosis (ABPA)
Allergic bronchopulmonary aspergillosis (ABPA) can be classified as an eosinophilic hypersensitivity disease. It appears concomitantly in patients with long standing asthma, and occasionally in patients with cystic fibrosis. Rarely, it can appear in patients with no other identifiable pulmonary illness. In general, patients are diagnosed before the age of 40 years.
Clinically, patients have atopic symptoms and they present with recurrent chest infection. A clinical staging system has been developed: Stage I Acute, Stage II Remission, Stage III Recurrent Exacerbation, Stage IV Steroid-Dependent Asthma and Stage V Pulmonary Fibrosis.
Laboratory findings include elevated Aspergillus specific IgE, elevated precipitating IgG against Aspergillus, peripheral eosinophilia and positive skin test.
In patients with ABPA radiological findings will be reversible after appropriate treatment or may show progression from multi-focal and non-segmental consolidations to pulmonary fibrosis and central varicose type of bronchiectasis (stage V).
Other causes
Bronchial obstruction may be due to many acquired conditions including inflammatory diseases (broncholithiasis and foreign body aspiration), benign neoplastic processes (bronchial hamartoma, lipoma, and papillomatosis) and malignancies (bronchogenic carcinoma, carcinoid tumor, and metastases) (Gipson et al., 2009; Wilson et al., 2009) . They can even take place after a segmentectomy as a surgical complication (Okuda et al., 2006) .
All these situations can produce an appearance of a round, oval or branching (glove-finger shadow) type of bronchocele. Most of these conditions can be differentiated by appropriate history (as all will be symptomatic), the progressive nature of the disease, imaging techniques, bronchoscopy and biopsy. 
Congenital obstructive illnesses
Treatment of bronchial atresia
Treatment of bronchial atresia is controversial. The majority of patients are asymptomatic and therefore no treatment is necessary. It is currently felt that surgical excision should be reserved for patients with secondary complications to the atretic bronchus, such as infection or significant compromise of adjacent lung parenchyma. However, some physicians advocate performing surgery on all patients because a definitive diagnosis could only be made by exeresis of the lung (Cohen et al., 1987) . Lobar resection and segmentectomy have been used to preserve as much normal lung parenchyma as possible to maintain pulmonary function (Miyahara et al., 1999; Pamer et al., 2008) .
Prenatal bronchial atresia
Antenatal ultrasonography can raise the suspicion of bronchial atresia in the prenatal period by the presence of a hyperechogenic mass at the hilum of the lung which corresponds to a mucocele (Kamata et al., 2003; McAlister et al., 1987) . Those hyperechogenic lesions are more likely to regress compared with cystic or mixed lesions (Hadchouel et als. 2011a (Hadchouel et als. , 2011b .
The routine use of prenatal steroids for microcystic congenital cystic adenomatoid malformation seemed to enhance regression (Curran et al., 2010) . There are no documented cases on regression of bronchial or lobar bronchial atresia. Despite the lack of evidence, it would be advisable to follow an expectant management (Bonnefoy et al., 2011) . 
Diagnostic algorithm
State of art during the last three years
Due to a wave of new interest in bronchial atresia among clinicians, there have been many more articles and case descriptions published in the last three years than previously. The aim of this section is to summarize the main aspects of these reports.

In asymptomatic patients the bronchial atresia is usually found by chance on a radiographic image as described by Psathakis et al. (2009) Zribi et al. (2011) think that bronchial atresia may lead to infectious complications and, in the long term, to damage to the adjacent lung parenchyma. Therefore, a surgical resection may be necessary. The first group of surgeons reported their experience with three patients (two lobectomies and one segmentectomy) and the second group with six.  Niimi & Gotoh (2010) present the rare case of pneumothorax due to the perforation of bullae associated with congenital bronchial atresia in a 25-year-old woman that complained of right chest pain and shortness of breath. A lateral segmentectomy was successfully performed by thoracoscopy-assisted limited thoracotomy. Diagnosis of congenital bronchial atresia and subpleural bullae were confirmed by pathological examination.  Discioscio et al (2010), Shimizu et al (2010) and Siddiqui et al. (2011) describe several anomalies associated with bronchial atresia like anomalous pulmonary venous return, congenital cystic adenomatoid malformation or right-sided descending aorta.  Jung et al. (2011) published a case report of a woman with diagnosis of bronchial atresia in whom the conversion of epidural analgesia to epidural anesthesia for cesarean delivery failed during labor, needing the application of general anesthesia for a successful delivery.
Conclusions
Bronchial atresia is a congenital abnormality with characteristic radiological features: a nodule or a mass like a shadow close to the hilum, with well-defined margins, presenting as a tubular, round, ovoid or branching structure and distal oligaemia and hyperinflation.
When it is required to do differential diagnosis over bronchial obstruction, bronchial atresia should be kept in mind.
Knowledge of this condition in patients with suspected bronchial obstruction would avoid unnecessary surgery. Currently, surgical excision is reserved only for patients with secondary complications to the atretic bronchus. Most surgeons try to preserve as much normal lung parenchyma as possible to maintain pulmonary function, whilst others prefer to resect the atretic segment.
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